This work aimed to investigate the association of the carriage of plasmid-mediated quinolone resistance (PMQR) genes, the virulence potential encoded in pathogenicity islands (PAIs) and the phylogenetic background in Escherichia coli strains isolated from waters of diverse origin.
INTRODUCTION
Pathogenic or potentially pathogenic microorganisms enter into aquatic environments mainly through human and animal wastes. Among the human/animal commensal intestinal flora, Escherichia coli is a genetically diverse species with the ability to colonize and persist in the environment and within animal hosts (Alexander et al. ) . E. coli is also considered a common opportunistic pathogen, depending on the host condition, the route of entry into the host and the virulence determinants, such as adherence factors and siderophores, carried by each strain. E. coli strains are a major cause of extraintestinal infections and represent a major public health burden.
E. coli strains have been grouped in different phylogenetic groups (A, B1, B2, and D) according to their virulence attributes (Herzer et al. ) . While virulent extra-intestinal strains mainly belong to group B2 and, to a lesser extent, to group D, commensal strains have been associated with groups A and B1 (Gordon et al. ) .
Treatment of E. coli infection has been increasingly complicated by the emergence of resistance to some antibiotics, including fluoroquinolones. Widespread use of resistance among environmental strains (Pena et al. ) .
Quinolone resistance is usually mediated by point mutations in the chromosomal genes encoding DNA gyrase and/or topoisomerase IV, leading to target modification, or by mutation in the genes regulating the expression of efflux pumps and/or porins (Jacoby  Determination of the E. coli phylogenetic group was performed by a PCR-multiplex based technique, as previously described (Clermont et al. ) . This triplex-PCR reaction screens for chuA, yjaA and DNA fragment tspE4.
C2 genes, and allows the classification of the E. coli isolates into one of the four phylogenetic groups (A, B1, B2 and D).
The clinical E. coli strain 12HUC from our laboratory collection, which belongs to the phylogenetic group B2, was used as a positive control.
PAI markers were evaluated by a multiplex-PCR technique (Sabaté et al. ) . This triplex-PCR reaction allows the detection of three PAIs, which encoded different virulence determinants: PAI III 536 , S-fimbriae and an iron siderophore system; PAI IV 536 , yersiniabactin siderophore system; and PAI II CFT073 , P-fimbriae and iron-regulated genes. Amplification products were purified and sequenced as described above.
RESULTS AND DISCUSSION
E. coli strains recovered from water samples were screened Many studies have performed the phenotypic detection of PMQR genes by using mostly nalidixic acid as an indicator, and only a few, the fluoroquinolone ciprofloxacin.
Recently, Cavaco & Aarestrup () suggested that nalidixic acid alone did not present the maximum effectiveness for the detection of these resistance determinants. Hence, we used both antibiotics for the detection of PMQR. Among the plasmid quinolone resistance determinants, only the qnrA was detected in 16% of the isolates tested.
The fact that this PMQR was detected in E. coli from water may be related to its origin. The qnrA reservoir has been identified in Shewanella algae, an environmental bacterium from marine and fresh water (Poirel et al. ) . PAI IV 536 was detected in 16% of E. coli isolates and PAI II CFT073 in 3% (Table 1 ). These PAIs have been The presence of E. coli in water for human consumption has been an important indicator of the microbiological quality of water. In fact, water from distribution, recreational, river and underground sources showed faecal contamination, as E. coli was detected. Adding potential pathogenic bacteria that present resistance and virulence factors that could be transferred, the quality of the water would decrease even more. With the improvement of molecular techniques, such as the use of microarrays, it will be important in the future not only to monitor the presence of E. coli in water, but also to unravel their potential virulence and genetic carriage of antimicrobial genes, and consequently, the potential threat to animal and human health.
